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SYNoPmx--(l)  The records of both American and European rivers 
ehow an average of 7 to 10 great floods per century. 

(?) Great floods are primarily due to precipittltion,and that pre- 
cipitation, in the form of rain, which roduces flooda may Be of two 
distinct types. (a) PO intense and wi&y distributed as to produce 
floodin6 regardless of antecedent conditions; (€I) moderate rams con- 
tinued intermittently for 8 to 10 days or more with ant,ecedent condi- 
tions favorable to a high run-off. 

(3) There dow not a pear to be an orderly progression in the mag- 
nitude of floods with t i e  lapse of years; that is to say, the absolute 
maximum flood of any 100- ear period is not necesmdy great,er than 
the alwolute maximum flooBfor the preceding 100 years. 

(4) The magnitude of great floods with rwpect to the average annual 
flood, eeems to increase in a geometrical progression hut apparently 
wholly regardless of t.he flow of time. 

(5) Great floods like great rainfalls are ePFent.ially a local phenom- 
enon even for the .same stream. 

INTRODUCTION. 

There is usua.1ly for each large strerim a fairly well- 
defined flood season depending quite largely upon the 
climatic conditions over its watershed. The mngni- 
tude of the annna.1 flood is clearly nssociated with the 
varying climatic conditions esperienced, especially the 
distribution and intensity of the rainfall over the catch- 
ment basin. At times other climatic fnctors, partieu- 
lady the temperature distribution , contribute to the 
magnitude of the annual floods. Floods gren.ter than 
the average by a fised amount I have designated as 
“musimum floods.” In the course of yenrs, however, 
there comes n mnsimum flood much greater than the 
average, n. flood that is, more or less, epoch making in 
the region through which the stream flows, nnd this 
flood has been designated n.s the “absolute masimum 
flood.” The object of this aper will be to make a 

of masimum floods. 
statistical study of the distri .53 utioii in h e  and space 

MATERIAL AVAILABLE. 

Systema,tic gagings of the larger rivers of the United 
States were begun 111 the ewly seventies bv the U. S. 
Signa.1 Service (now Weather Bureau), aIthough the 
U. S. Engineers in charge of river im rovemeiits oii navi- 
gable streams began a few years earyier to gage a few of 
the larger rivers as an effective aid to improvement work 
at  various points thereon. The object of the Signal 
Service was different, however, viz, to issue warnings 
of dan erous floods. 

The%. S. Geologicd Survey began its work of stream 
gaging in the late eighties aiid organized a division to 
oversee the work known a.s t,he Irri ation Survey. This 
branch of the Survey later forme f the nuclms of the 

resent Reclamation Service. In the beginning, the 
geological Survey was interested in (iiscovering the 
quantity of water available for irrigation. In  recent 
years it was and is now concerned chiefly in determining 
the water resources, both surface and underground , in 
practicallv all parts of the country. There are, therefore, 
three of tho executive de artments of the Government- 
Agriculture, War, and Kiterior-directly concerned in 
the gaging of streams, and one or two o h m ,  more or 
less, indirectly concerned 

The period of continuous observations on this continent 
is short. On the Mississippi aiid Ohio it is about 45 
yeairs, but for a few places thereon, such as St. Louis, 

1 Read before lhe American Meteorological Society at New Sock, Jan. 3,1920. 

Mo., C‘incinnatbi1 Ohio, and Pittsburgh, Pa., as many as 
6.5 years of continuous obvervnt,ions me available. In 
addhion to the above. two New England rivers, the 
Connecticut, at Hartford, Conn., and the Merrimac at 
Lawrence, IIass., have been ga ed for more than half B 

at  Hartford, nnd t,hese hr,ve been referred t,o the zero 
of the present gage at  that place, hpnce, a record of the 
occurrence of floods revious to the beginning of the 
re ular gngings is ava!hle for that station and at a few 

record, however, is%v far the longest, estending as it 
does over a s an of &out 300 years. 

to the 1844 flood, and t iere is evidence of a revious 
great flood in 17S5, altliou h the level of that ood has 
never been definitely fixed! Apparently it was in the 
neighborhood of 42 feet on the present St. Louis ga e. 
Th& U. S. Engineers, on tlie authority of the late &. 
Engleman, give it as 43.0 ? feet. 

century. Permanent records o 9 high water were made 

ot f: ier points tlirori hout the country. The Hartford 

In the mic f dle Mississip i Valley tlie record goes back 

f r  
P 

THE CAUSE OF FLOODS. 

Brondlv speakinm, i t  may be said that the precipitation, 
having due rogarz for its intensity, duration, and geo- 
graphic distrihutioii, is the sole cause of the rise and 
maintenance of floods of whatever magnitude. There 
are of course important modifying f:ictors, some of which 
t,end to incren.se, some to diminish, flood flow: hence, 
the occurrence of floods of different magnitude for the 
same season in different years. If the arithmetical 
mean of the annual floods for a number of years be 
computed, tin expression is obtained which represents 
the nverage annual flood. Such an expression has its 
advantages for the purpose of discussion but is, other- 
wise, without special significance. The average flood 
is not necessarily the one which hap ens with the greatest 

su#cient to r i s e  ground storage to a high level and thus 
to saturate the soil, or when a warm spell sets in with 
rain at a tinie when a blanket of snow is still on the ground 
the surface run-off becomes escessive nnd floods of 
re.ater or less magnitude-mitsimum floods-result. 

hicse floods occur irre ularly with the lapse of time and 
the fluctuntions of ckmate. In  the course of a few 
years, or it niay be niany years, some one of these maxi- 
mum floods overtops all reviously recorded floods, and 
this flood is known as t R e absolute masimum for the 
period in quostion. Naturnlly it is of tremendous 
importance, economicall , to determine whether the 

will be its ma iiitude when it does come. 

rence of the absolute maximum flood is u.sually con- 
ditioned i~ on the synchronism of certain climatic 
events whic P i in t.lieniselres have no fised law of occur- 
rence. Very intense rainstorms are seldom lon 

that occur in tlie United States being limited in area 
ma cause sn estrnortlinary flood in a sninll watershed, 
tinBdoubtless niang such floods occur in some part of 
the country unnuallv. ‘l’hpse sstreme floods in small 
streams are completely absorbed as soon as they reach 
the trunk stream. 

fre uency. When tlie amount o P rain which falls is 

absolute masimum has v .Been reached and if not what 

I t  can not % e too strongly emphasized that the occur- 

tinued and of great extent. The heavy summer s a oweps con- 
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Alhany.. ....... 
l'l~illiiwhurc.. .. 
\ V i I ! i c ~ - l h i t .  .__ 
HnlTlSlwrg.. .... 

I n  winter, spring, n.nd e:i.rly June tlie nccurrcnw ?f 
floods is quite closely rc1nt.d to t?ie cluamt.it,y of riiin 
which falls; in summer. howerer~ owing to the deni:iiitls 
of vegetation and the loss hy evuporntion, floods nre 
infrequentd e w n  with riiinfiill nbom the norninl. In i\ 

tvpical cnstern wnterslicd the run-off .mn.y nnd nftiw 
does sink to 5 or'6 per cent, of the precipitntioii: l ienc~,  
it is only wlien rain IS substnntidly continuous for x c1n.g 
or so that there is n.ny flood niennce in summer, esccpt. 
for certain rcst,ricted districts to he na.mecl in the nest. 
pnrtigraph. 

Nort.11 of t,he 3'ith parnllel the mowmen t of r:iinst.ornis 
in summw is usually too rapid t o  permit hcnx-y rains 
n ~ i  t.wo consecutive tlngs. Imnclcr the colditions whirl\ 
prev:i.il in tho e2xst Gulf xiid SOUt!ll At,lnntk Statm, how- 
over, :I slow.-moring cyclonic storm of tropical, or cstm- 
tropicail, origin niny C:IUSG floods in .the wnrni se:i,son 
regdless  of t!ie soil and vegetal condit.ions. 

3n 
2.i 
22 
29 

TABLE I.-Ahsolutc maximmi and aoeragi' annual .flood nn  4.5 rircrs 
of the Uniled States with ratio, absolute niariniztni Lo aiwwpr 

rllcl3w ......... 
Catiinlm.. ....... 
Columhia.. ..... 
Allfllsta ......... 
Mil1ed;erille.. .. 
?.1Ioc011.. ........ 

River. 

27 
?7 
24 
43 
15 
?o 

Atknf ic  (norfh j. 
Connecticut.. .... 
Merrimac.. ....... 
Hudson. ......... 
Dela~~~.sm.. ....... . u:r uehanm.. ... 

bo.. ......... 
Atlantic ( a o i f h ) .  

Fotoninc ......... 
James.. .......... 
Eoanolie.. ....... 
Cape Year. ....... 
Great Pedee ...... 
Cat-Waterce ...... 
Congaree ......... 
Harannali ........ 
Oconee.. ......... 
Ocmulgea ........ 

Ellst GUZf. 
Flint. ............ 
Chattahnochee. ._. 
Alabama.. ....... 
TombiKbec. ...... 
Black Warrior .... 
Pascagoula ....... 
Pearl.. ........... 

Wcul Gsl j .  
Trinity ........... 
Blazos ............ 
Colorado. ........ 
Guadalupe ....... 

Inlrrior. 
. Ohio ............. 

AllJan)- ......... 
EIILL.. ........ 
Montgomcrr ..... nemopolis ...... .! 
Tuscalma.. ..... 
blerrill .......... 
Colii~nlns. ...... 

Tennessee. ....... 
k m b e r h d  ...... 
Illinois ........... 
Wisconsin.. ...... 
MIsrisslppi ....... 

sli 
215 
2s 
ZI; 
?s 
1.1 
14 

Missouri.. ....... 
Irkansas.. ...... 
Ouachita ........ 
Red.. ........... 

Pacific &art. 

Pittsburgh.. .... 
Cinciimnti ....... 
Louisville ....... 
F:\ snsville ...... 
Chattanoom.. .. 
K d i r i l l e  ........ 
Peoria.. ......... 
\ I ' l l U ~ U . .  ....... $t. I'aul ......... 
I a  Grossp.. ...._I 
Iluhuque ........ 
P v c n  ort 

IIannihl ....... 
3t. Louis.. ...... 
Omaha .......... 
Ksn-asCitr ..... 
I.ittleRock ..... 
Csmden ......... 
I"1llton .......... 
Bhroveport.. .... 

KeokuE ... :::::: 

Columbia. ...... 
snake.. .......... 
Willametto.. .... 
Sacramento. ..... 
American.. ..... 
Pfln Joaquin ...... 
Colorado.. ...... 
Grand ........... 
Green.. ......... 

65 
5s 
/!j 
46 
43 
4: 
31; 

9 
45 
~d 
4 4  
4 G 
51 

io ,? 
-14 
46 
41 
33 
33 
311 

Hw!zcn Ferry. . ?S 
L w r l t l w  .e... ... 26 
W r l ~ l n n  ......... 2s 
I%iscttevillr ...... i ?ti 

Riverside.. -. _. 
Warn.. ........ 
Austin.. ....... 
Uonurles. ...... 

16 
19 
1 t i  
15 

ITmitilla ....... 
Low iston.. ..... 
Alh.mg.. ...... 
Sacramento .... 
Folsom.. ....... 
Firehaugh ...... 
Puma.. ........ 
Grand Jiinction 
Elgin.. ........ 

31\ 
25 
Pi 
?lJ 

21 
12 
12 
11 
1: 

. __ 
h P 0 -  

E i -  
111111. 

___. 

4 1 1 .  
3. B 
29.7 
-2. 4 
35. n 
x3.1 
5. S 

37. 0 
3R. 0 
m. 3 
tis. 7 
41.3 
10. I 
35. R 
3s. s 
33.8 
24.0 

32.4 

59.7 
72.9 
613.3 
?i. 0 
?i. ti 

49.7 
39.7 
31. 7 
3 4  1 

35. .i 
i1.1 
4A. 5 
4s. 4 
56.6 
55.3 
27. 1 
1.5.9 
19.7 
16.2 
11. i 
19.4 
19. fi 
22.5 
3s. 0 

3s. 0 
R?. ti 
4ti. 0 
34. Y 
15.7 

34.5 
26. R 
31.3 
?3.6 
3s. 
IS. I 

33.2 
13. I! 
17. .i 

513. o 

n. R 

- 

Date. 

Month. 

Mag.. ...... 
51areh.. .... .. ..a0 ...... 
nctoher.. .. 
March ...... 
June.. ..... 

Yarrl1. ..... 
Noremher. 
.... a0 ...... 
AIlCIISt ..... 
..... rlo ...... 
.1nlp. ....... 
August ..... 
..... do ...... 
March. ...... ..... (10 ...... 

A!arrh.. .... 
..... do ...... 
April.. ..... 
.... .ml.. .... 
..... a10 ...... 
June.. ..... 

June.. ..... 
Pew tiilwr. 
April ...... 
I )we inber. 

hlnrrh.. ... 
Fcbriiar y.. 
..... #!n ..... 
March ..... 
..... 310 ..... 
Janiinry.. . 
Julr ....... 
Apri I . . .  ... 
Junr.. .... 
..... do ..... 
... ..do.. ... 
\lay ....... 
Junc ...... 
..... do ..... 
April ...... 
.Tunc.. .... 
Il%$. ...... .... .an.. ... 
..... I 1 0  ..... 
..... do ..... 

Junr ...... 
..... 0 1 0  ..... 
Jamtnry.. . 
 lo ..... 
..... I10 ..... 
Junc.. .... 
February. 
June.. .... ..... do ..... 

.ruiy.. ...... 

............ 

Mean 
31 an- 
mml 
Inoris. 

F F ~ .  

15. R 
21.1 
?3. i 
17.3 

m. 9 
2n. 3 

1.;. R 
13. x 
41.2 
.15.? 
34. D 
30. 7 
20.7 
30. D 
24. a a. 0 

31. R 

54.9 
52. s 
21.5 
?l. 1 

41.9 
22.9 

3 . 3  

23. I7 
.I?.. 1 
?i. R 
33.9 
4n. s 
li. 7 n. s 
10. B 
13. R 12.3 
17.5 
27.2 
16. Il 
21.1 
23. ? 
35. i 
2s. 5 
3 1.0 

?l. 4 
1.5.9 
1.;. A 
21. R 
1;. 7 
10.6 
2;. 7 
10.2 
12. B 

39.2 
rn. 

I 1. n 

m . 6  

11.0 

11.0 

__ 
:ntio 

1te t9 
irrr- 
3re. 

mtJS0- 

1.43 
1 .  l i  
I. 44 
1. i 0  
1. I O  
1.5ti 

1.71 
2. :Kl 
1. lli 
1.52 
1.:u 
1.31 
1.3 
1.26 
1.39 
I. ?n 

1.49 
1.43 
I . ? i  
1.33 
1.26 
1.26 
1.31 

1. I S  
1. il 
2. IS 
1. ss 

1.49 
1.54 
1.67 
1.13 
1.73 
1.36 
1.3 
1.74 
1. i 9  
1.51 
1.5i 
1. .59 

1.29 

1. I9 
1. RO 
1.47 
1.29 
1.22 
1.31 

1.61 
1.67 
2.01 
1.19 
?. 16 
1.29 
1. ?u 
1.2'7 
1.39 

1. 4n 

1.40 

Thc n10nn ~ i i n i i d  flnnd on 45 rivers in t,ho ITnil.ed S h t e s ,  
using t.he sin:gle grcetcst tloocl when t.wo or iiinre floocls 
occurred in t,ho s;iinie p1.r. Iins liooii cnniput.ec1 and the 
results are pre.;entd in Table 1. The arernge length of 
record is, for riveis of t,he north ~1t . l i~1t .1~ clrninnge, 
40 yenis: wut-h At.lnntic, 26 yenTs: enst Gulf, 23 .yeais; 
westl Gulf, 19 years: Mississi pi, 49 yeaiy Ohio, 54 
yc?w.s ; Tenne:~eo nnd Cumlier~nd,  44 years ; Missouri, 
45 yenis: Arl<nnws, Red, and Ouncliita, 39 years; c'o- 
l u m b ,  36 years : C'nlorrdn, 12 ye:m :and CnliforniaRirers, 
20 years. 

The t,al)lr sliows t lit: iianic of t.lte river, the gaging point,, 
t.he iiuii~her of Scars of ohservat,ions, t,he ahso1ut.e maxi- 
11111111 iloocl, t.he year and iiion th  of occurrence, t.he 1iiea.n 
nnnud flnnd and the r h o  of t.he nbso1ut.e masiniuni t,o 
t.lic avera.gc annual flood. BIr. West,on E. Fuller, in his 
comprehensire paper, Flood Flows computes the ratio 
of the maximum flood and tBe 2l-liour average rate of 
flow as cleteriiiinecl hy discha.rge n ~ e ~ u r e m e n t s  for 
bot.11 t.he masininm niicl t.he arerage annual flood. Inas- 
much as dischar e nies~~urci~ient~~,  esl~ecially for flood 

method was not arailahle. Gn e heights, as a rule, 

of t,!ie recwrdecl ilootls. There are ti  rery few cases when 

point, vitiates the rcsiilts hit '  none sudi have heen usec 4 t:hnnges in tho cross sect.ion of t.he st,renm at the gagiii 

in t,liis t l  iscussion. In the Mississippi below Cairo t.he 
(:I;:inncl c1iipatc:it.y 1-~ns lwen altered to such an ext.ent hy 
t,lir lviililiiig of lerecs t1iw.t no met~liorl of comparison for 
diffrrent, periocls is sn.t.isfactory. 

The usrfnlness of the rat in nhso1ut.e i~ia~siiiiiini to 
iiwrti.gt3 nil iiunl llootl i t ix j -  1 )e det.clniinrtl by coiiipnring 
tlic rcsiil~s for strenizw in dilTwtwtr tx1ri.s of tlie country. 
W'hiltl tlie r h o s  iii t.lw tnhlr si?enk for t,hciiiselrrs, I may 
hc i)rriiiit.ted to niake t,he following commcnt : 

1 hc ngreeiiicnt. in wnq.rnl is 1)et.t.er t.lian wns espet.t,ed. 
rt. is a rrasoiis1>le a.nX fairly accurate inference, except in 
sonic c:ascs thixt mill be mentioned later, that, the absolute 
mnsimum flood will h 1 . 3  to  I .4 or 1.5 times t.he nieltii 
;1 n 11 u 31 fl00l.l. 

In tlic group of Ncw Ihg1:1iid rivers, incliitling two of 
the longest. records :i\-aild:)lc~, the r&o is in su1)st.ant.in.l 
nword. Thc only c1isc:ordtint ratio is t,liat, for t.he Dcla- 
\ V R ~ C  Rivrr at 1'1iillipsl)urg. The ra.t.io in t,his cRse is 
1 .'iO--t.lint, is, the ahsolute iiiasinium flood ~ a . s  1 .rn p r  
t w i t  of t,lw :irerage nnnunl flood. Other individual cxscs 
of n high rat,io in other pnrts of the c.*oiiiitry are those for 
t.hc P o ~ ~ I I I ~ . ~ ,  ,Jnliies, C?Ilgi1ree, C!olorado and ot,her rivers 
of Tesns, t.he \'S'jsco~isi~i, upper Mississipli, t,he Missouri 
at. 'li~nsria (2it.y. t.Iie Willanict~tn of Or~gon, and the Anieri- 
ran of ("alifornin,. It. is conrenicnt, to roiisitler rdl of t.liePe 
rases t,ogetlicr. Thc :il)soliitc maximum flood 011 t.he 
De1:nvnrr ocriirre11 in Octohcr, 1903, wlien, owing to 
lieavy rains owr  t.he wntc-rshcd, t,he river rea.chec-l t,he 
1iigl:cst. sfiiw for up~v:ird of 100 years. The averQy 
anll11i11 11008 011 t.lie I)elnwa.re is rclatiwly lorn, clue t.0 n 
siiwcssioii of p i r s  of defic:ieiit. ~recipit.ut.ion. It is h- 
lievwl tl!;it. more ol)scrvnt.iorls will materially rhange t,he 
rat,io wliic!i nom ohtailis. The high ratios M-1iir.h ohtain 
on t.hc. Potomac and James arc I~rnbcthlp clue t.o n a t ~ ~ r n l  
caiises. The run-ofi nf l)ot!i wafcrshcds in iinison wit.11 
the preripit.at.ion flut.t.unt.c.s wry  \vidcly in dificrpnt. years. 
As ti result. of li$> rainfall t.he nl-crag~ aunual flood has a 
lnw d a c .  AII iiitwsc r:~i~:stmmi, Iiowexr, on-iljg to t.lie 
Inow it ai: ious (:hai rar*t IT of i .licl I: 1 1 ; ~ ~  wtittwlieJs of I)ut.h 

llows, are nrniln.le a 
inrl ica t e with su ficien t act :urncy t. Fi i e r th t i re  mngni tucles 

for but a very short period, this 

r ,  

. . . . . .  . . . .  ..... ... .... -_ 
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li.79 
- -- 

1.36 
1.24 
1.22 
1.21 
1.31 
1.21 
1.21 
1.19 
1.1Y 
1.14 
1.14 

rivers prodiires a rapid conccn t,rat.ion of t,he run-off and 
a high flood peak. dncl since an est.raordinar7 rainfall 
may occur even in a period of deficicnb prec.ipitation, a 
sin le great, rainfall will unduly increase t.he ratio. The 

understood. Since it is not. support.ed by t,lie record of 
other st.reanis in Sout.11 Caroliua and Georgia, an explana- 
tion may be sought in tlie locd condit,ioiis at, the gwing 
point.-probahly by t,he dani below the gn.ge. The Kigh 
rat8io for Tesas rivers, especiallq- t.he Colorado, is doubt,less 
to be attribut.ed to the climat,ic features of t.hr Stnte by 
reason of %-hich the variation in the run-off varies widely 
from year t.0 year. 

The unusually high ratios for the Tennessee at. Cliat,t,n- 
noogs and the Missouri at. Kansas C!it,y are ilue in part t.o 
the use of an abso1ut.e maximum flood which occurred 
sonie vears prior to t.he beginning of regular olwxmtions. 
The Tennessee ab Chatt.nnooga varies from year t.o year 
within rather wide limits as will he shown elsewhere in 
this paper. 

The abso1ut.e maximuni flootl in t,he Missouri at. Kansas 
C!it,y occurred in 1S4-lq a.nd the stage t.hen at tained was :5 
feet. above t,he highest, s h g e  within t.he i>tlriotl of regular 
observnt.ions. The Kansas 13irc.r. which joins t.he Mis- 
souri a t  Kansas Cit.y, is n st,rcaiii of rnrinhlc flow. It. 
seeins probable that. the liigli mt in  at. I<ai!sas <!it.?- is ilur 
to nat.ura1 causes roil t)lrd wit.11 an unusunllv high nhsolut,e 

hig a ratio for the ('ongaree at  Columbia, S. C., is not. 

- 
7.73 9.26 

- - ... .. __ 
1.37 1.73 
1.35 1.s9 
1.3 1.54 
1.26 1.41 
1.19 1.26 
1.15 1 . 5  
1.1s 1.25 
1.15 1.20 
1.14 1.20 
1.13 1.19 
1.11 1.18 

flood in 1s 14. 
A high ratio n!)pcars for the Fl'isroiisin Rircr :it Wausnu 

with orilv eight, \rears ohserration. and it is to be notrd 

1.46 
1.37 
1.33 
1 . 0  
1 . 1  
1.2s 
1.26 
1 . z  

that. t.he' ah&lut> ninsiniiiiii ilooci a.t t,i+.; st.nt.ion was n 
rain flood in July. Further observations for this station 
are needed. 

Tlie Coluniliin Rivcr presents R ('RSC. of extreiiit4y higli 
wat.er in lS9-1 .3 At, 0n.sc.t~tlc T,cwBs the proviolis rcwwd of 
high water was escecdecl hy 6 fcct.. As t,lie annual flootl 
of t>he Colunibia is essent,iallp a snow flood, an uiiusun.l 
dcpt.11 of snow combined wit.h high temperat,ure in blie 
nielting season niay produce large vnriat,ions in t,he annual 
flood on t.his river. 

As might be espec,ted. snidl rat,ios o l h i n  a t  points 
along the stream where overflow takes place and the 
cross section of the strei3.m is gren tly incrensed. Evnns- 
ville on the Ohio, with R ra.tio of 1.19, and Hannibal, Mo., 
on the Mississippi, wit,li ti r:it>io of 1.29, are cases in 
point. 

Eleven of the greatmest annunl floods on eight of the 
ri-cers of tlie United Stntes lutil-ing records exceeding 40 
consecu t,ive years in length hnre h e n  classed in the order 
of magnitude from the nbsolnte ma.simum down to No. 
11 in descendin scale, and t.hc ratio of each of the 11 

The stantlard c1evi:ibion 
Por each of h e  10 stntions has nlso been computed 
according to the method of least squnres and is given in 
the table n t  the top of the column. 

The uniformity of the ra.tios in this table is significnnt. 
It is obvious that while thcre is a general similarit7 in the 
ratios for a11 streams, each hns its own inclirirlunhty con- 
ditioiiv;l in some measure upon the channel capacity a t  
the aaging point and the raria1)ility of the st,renni. 
A n o t h r  interesting point brought out hy t.he table is t,he 
sniall clicerence between the shsolu te ninsiniuni flood nntl 
the flood second in magnitude. In no case is the differ- 
ence more than n few per cent escept on the Missouri a.t 
Kansas City, Tennessee a t  Chn t,tmooga, the Mississippi, 

great floods to t 7 ie iivernge niinual flood hns been coni- 
uted and is oiren in Talile 3. 

1.52 
1.40 
1.32 
1.31) 
1.2s 
1.2s 
1.24 
1.24 

-_ .~ 
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a t  St. Louis, and in a lesser degree the Cumherland at  
Nashville. As before remarked, the nbsolu te masimum 
flood n t  Ihnsns City. Cliatkanoogn, nnd St. Lnuis occurred 
some years wior to the beginning of regulnr observations. 

ninte the true ratio for perinds cscrrtling D century >etker 
than do the others. 
TABLE ?.-Ratios of Ihc 11 p a t  JoorIs lo the nilrraqe j7ood at fhe qa(ling 

stntions named: floods arrrcnqrd i ia  the order nf l h t w  n iup  ttude- from 
No. 1 10 11, f rom rcrorrls of IO ym.8 and t~pzrnrd .  

1 It may we1 I he tliiit these relntiwly high rntios np )rosi- 

__ 

C'on- 
nccti- 
rut, nl 
Hart- 
for4. 

__ 
3.69 
- 

1.43 
1.3i  

1. %* 
1. 27 
1.26 
1.2u 
1. I 
1.?3 
1. I 
1. ?? 

1.30 

- 

- - . ..... -. . . .. 
I ! I  

~ ..- 

3.73 3.70 4.13 I 4.2s 

. .. . 
I I 

bIca1:. 

1.4s 
1.33 
1.32 
1.2s 
1.24 
1. n 
1.22 
1.20 
1.1s 
1. l t i  
1.15 
- 

GREAT FLOODS I N  TIIE UNITED STATES WITHIN HISTORIC 
TIMER. 

'l'hc record of great, flootls in this country covers about 
300 yerm in New Etigl:iiid, sonicw-lint less in the Midille 
r1tl:intic. States, tihoii t 12.5 yciiw in the Mississippi Vnlley 
n n t l  aboiit. 70 yenis in Californi,i. 

The greatest floocl of record in Californizi occurred on 
tlie Aniericm River nt Folsom City on Jttnuary S, 1SE.  
Tlie crest of this flood has heen definitely fixed a t  38.3 

S.3 feet higher 

Missouri and the middle 

Louis, Mo. 
Six great floolls, of over 60 feet on the Cincinnati 

gage, occurred on the Ohio during t.he ninc teenth century, 
oiz, in 1835. 1847, 1883, 1SS4, 1S97, :.nd 1S9E. The 
areruge interval is l G  years, hit  there WCI'C two intervals 
of more than double the avera.ge and t1i-i) j!ootls in succes- 
sive years. 

At Pittsl>urgh two great floods of almost equal magni- 
tnds occurred within the nineteenth century, oiz, those 
of February, 1533, nnil March, 1S07, the latter heino 
ti shade the higher. It was, however, more or less loca? 
to the vicinity of Pit-tshrgh mid flattened out as it 
p8issetl downst,ream. 
In New Engliinil, the greatest flood of record occurrcd 

on the Connec:t.icut in 1S54 a.nd on the Merrhac  in 1S9G. 
The lnst-named was also niore or less local to that river; 
the synchronous flood in the Connecticut was only No. 4 
in magnitude. 



864 MONTHLY WEATHER. REVIEW. DECEMBER, 1919 

There were 1 1  great floods in the Connecticut35.7 
feet and over on the Hartford gnge-during the Nine- 
teenth century, viz, in 1801, 1807, 1837, 1541, 1843, 
1854, 1859, 1S62, 1869, 1895, a.nd 1896. The average 
interval is nine and the dist,ribut.ion is. more uniform 
than in the 060. It is noteworthy as indicat,ing the 
locnliznt,ion of great floods that in no sin le yenr were 
the great floods concurrent on both the 6 hio and the 
ConGec ticu t,. 

There were 14 great floods in the Mississippi a t  St. 
Louis during the h e t e e n t h  ctmtury,, 33.0 fe& or over, 
as follows: 1S11, 1S33, 1836, IS%, 1844, 1845, 1851, 
1555, 185s 1576, 1S81, 1SS2, 1Y53, and 1892. Tlie 
average interval is seven ytws. 

Among the early floods of the nineteenth century that 
have thus far not heen surpssed are the 1S63 floods in 
California, the 1814 floods in Kansas, Missouri, I!linois, 
and Arkansas, the 1850-5 1 floods in the Mississippi 
above St. Louis, and the 1S67 flood in the Tennessee 
above Decatur, Ala. 

An examinat,ion of the sequence of flood years gives 
no indication of tlie existence of a cycle in which reat 

that the doininnt,ing control is minfall, and since there 
may be one, two, o t  even three years of escessive rainfall, 
it follows that great floods may likewise occur in succes- 
sive pears. Tlie floods of the nineteenth century y p a r  
to be grouped in the forties, sist,ies, eighties, and nineties. 
Tlie sin le years of great flood in one part of the country 

1826, 1838, 1833, l53S, 1539, 1541, 1843, 1844, 1845, 
1S46, 1851, 1S55, 1855, 1863, 1Y65, 1SO9, 1876, 1S77, 
1S7S, l8S0, lSSl ,  lSS2, 1583, 1891, 1SS6, lSS9, 1891, 
1892, 1894, 1597. It is prohahle that for the first half of 
the century the list is incomplete. The list contains 37 
yenis, brit the interrfil between the yea.rs is not yii-  
form. There seems to have heen R minimum of flooc!ing 
in the fifties, r ice  t in tlie Mississippi Valley, w&- 
spread floods in tEr. sistics, anot,lier decline in the 
seventies, nnd the principal masimum of the century in 

floods are repeated, but  shows conclusively, I t a ink, 

or anob % er were 1801, 1807, 1810, 1511, 1514, 1523, 1534, 

the eighties. 
The 1903 floods in Hansns and Missouri covered 

substa.nt,ially the same revion, itlthough one less in 
s o  iapliic extent than 1814 flood. The crests 
r eased  in tlie lat,er flood fell about 3 feet short of the 
1844 flood, but it seems clear that  the meteorological 
condit.ions were very nearly repeated after t’he lapse of 
59 years. 

The 1915 floods‘,in t.hc snmr districtrs come under the 
same category as  those first, named. There have been, 
therefore, tt rccurrence within historic times of suhstm- 
tially the same rain producing floods in the Kansas-lower 
Missouri wat,ershcd a t  two intervals of 59 nncl 13 pus, 
res ect,ively. 

%e meteorological conditions a.ssocint,etl wi t.h the 
greatest, flood on the Connect.icut( ca.n be inferred quite 
accurate1 from the weat,her notes that have been pre- 
served. f t  is quite robable that an area of high pres- 

St. Lawrence Valley and northern New England immed- 
iately preceding the rains, a.nd t,ha t a we& cyclonic. sys- 
tem persisted for several days over, say, t,he mouth of the 
Hudson. The relative position of the IIIQII and the I..OW 
would give southeast winds and rain over Connectwut 
and snow over the upper portion of the watershed. Masi- 
mum temperatures of 80 degrees were recorded on t.liree 

sure and unseasonab P y low tmemperature moved into tlie 

- 
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days preceding the st,orm. Theso high t,emperatures 
cloubtless melted a.11 of the old snow remaining in the 
mountains of New Hampshire and Vermont and filled the 
st.reanis bankful, and i t  mas on streams thus swollen that 
a 66-hour rain descended on the 1owla.nds a.nd a foot of 
wet snow on the mountains. By reason of the prevailing 
ten1 crature the grea.ter port,ion of t,he snow water, 
rea.ctcd the stream and on account of the duration of the 
rainfall t,he run-off from the latter must also have been 
very great. The flood seems to have been greatest on 
t.he lower reaches of the river since the sta.ge a t  Holyoke, 
Mass., was acceded by the flood of October, 1869, 15 
yrars later. 

In  any evcnt the occurrenc.e of the greatest flood of 300 
Vears in New England seems t.0 have been due to a par- 
ticular combination of met,eorologicd conditio’ns, viz, the 
juxtaposition OTer New England of low pressure and high 
pressure a t  a time of year, and in such relative posit.ion, 
as to cause continued and heavy precipitation for 66 
hours. No like combination has present,ed itself since 
that t h e ,  although a soniewhat similar combination 
mas present in October, 1869. At that t,ime of year there 
was no snow to augment t.he run-off and the streams were 
not a t  a high sta.ge. 

t,he rule tha.t even great floods are a 
niorc or less loctt f phenomenon Ta.ble 3 has been prepmed. 
Pompare for esample the records for Pittsburgh and Cin- 
cinnat.i, b0t.h on t.he Ohio River. 

TABLE 3.- I h r  ~$oceiirret~ee ?f glmljlouds nt the places named. 

As illustrat.iri 

- 
Hartford. ronn.. . . . . . . . . . . 
Lawr~nre. lass . .  . . . . . . . . . 
Bt. Louis, ?do __._........_ 
Cincinnati. Ohio.. . . . . . . . . 
Pittsburgh, Pa.. . . . . . . . . . . 
Chattanooga. TPIIII . .  . . . . . . 
Nashrille. Tenn. . . . . . . . . . . 
Augusta, Ga.. . . . . . . . . . . . . 
Little Rock. Ark.. . . . . . . . . 
Kmsss City. Yo.. . . . . . . . . 

8 9 10 11 -_-- 
1913 lSnl Is85 1902 
1902 1M2 IS59 1R7i 
19M l B l i  1.382 lSi6 
1901 1R90 1&92 1 W  
1S62 19(w 1597 {iz 
1902 1.w 1 w  lsgg 
1% 1913 1012 lag0 
1902 1903 lW l a 2  
1916 1W lKS5 1- 
1904 1892 1- 1907 

EUROPEAN RIVERS. 

Naturally one t,urns first of all to the Danube, a. river 
rich in historical associations, with a liist.ory covering a 
s an of more tBnn a thousand years. Unfortunat,ely 
t R e flood record for this st,reani consists of an almost end- 

the nest  

Among the old high-wat.er marks on the Danube stone bridge at 
Vienna. that of February 26, 1830, takes the highest place, followed by 
thoee of Fehruar 14, 1776, February 13, 1795, February 24. 1799, 
March 19, 1740. Jnuary 21, 1S80, February 4, 18G“ !ice free), July 18, 
1736 (ice free), and March 5, 1803. Of t,he marks mthin recent t~mes. 
thwe of September 17,1599. February 10,1S93, August 2, 1S97, January 
3, 1883, and June 9. 1S92, st.and in the seventh, eighth. ninth, tenth, 
and eleventh poeitions. respectively, and f.hat of September 5, 1890, in 
lwt. place. 

5 Report of the Central Bureau of tho Aiwtrion Hydrographic Oflice, Engineer Emst 
Lauda, on the “High Water Catastrophe of 1SW.” 
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The record here covers 15 floods within a period of 178 
years. The total number of great floods in trhe Danube 
in the nineteenth century was 10, a greater number than 
on m y  other European river esaniined. 

My disappointment, in t>he flood record of this stream 
is lessened somewhat, however, by the fact that  there 
is no river in North America that pamllels it in many 
of the essential features which produce floods. The 
source of the Danube is a t  an altitude of about 2,100 
feet, and in north 1a.titude 48' 30' to 49'. It flows 
thence east-sou thenst,, receiving t,he flow of many 
mountain tributaries, and after pursuing n tortuous 
course for about 1,730 miles, empties into t,he Black 
Sea in latitude about 4Eio. Were we to superpose t.he 
course of t,he Dsnube upon a map of the continent of 
North America, its source would lie in Manitoba and 
its nioutsh in the neighborhood of Eastport, Me. By 
reason of its high latitude and the mountainous Char- 
acter of its upper watershed, the spring brea.k-up of 
the ice is the prime ctiuse of dest.ruct,ive floods. The 
occurrence of two very clest.ructive rain floods, viz, 
those of July-August, 1S97, and September, 1Y99, is 
described in two memoirs of t,lie Austrian Hydrographic 
Bureau issued in 1900. The closeness of the net of 
ra.infall a.nd river-gaging stations in Austria rides it  
possible to present, the det.ails of the flood phenomena 
with a fullness that is greatly appreciated. 

The direct cause of the September, 1S99, flood, said 
to have been the greatest, rmi .  flood of a century, \!as 
a sis-day period of const,ant snd rather heavy rains 
over a strip of country about 850 miles long and 1f)O 
miles wide. The volume of the precipitdon over the 
watershed of the Danube above the mouth of the 
March River, area about 40,000 square miles, was 
nearly 16 cubic kilometers, not so great. LS in the hfa.rdi, 
1913, floods in the Ohio Vdley. It is iiiterest.ing t.0 
note that this heavy precipitation u-ns due to t,he slow 
movement of a large cyclone that persist.ed oTer lower 
Austria from September Y to 14, 1S9F). 

THE SEINE AT PARIS.@ 

Systematic gagings of t,he Seine a t  Paris estend back 
to 1649. During the 271 yea.rs that hnve elapsed since 
that time, there has been one grea.t flood and many 
lesser floods. Curiously, t,he record flood of t.he period 
was made in 1658-but nine years after the bewinning 
of observations, the nearest, approach t.0 that Rood in 
subsequent years was in January, 1910, when the &age 
fell 1 foot sihort of that. of the 165s flood. I have tabu- 
lated t,he Seine floods esceeding 20 feet on the La 
Tournelle Bridge a t  Psris from 1649 t.o 1919. These 
floods number 22, dist,rihuted as follows : Seven occurred 
in the last half of the seventeenth century, seven each 
in the eigh t,een t,h and ninet,eenth centuries, and a single 
great flood has occurred t.hus far in blie twent.ieth cen- 
tury, and a t  this time bhe second great flood of the 
twentieth cenhury a t  Paris is prevailing.' The t,able 
follows : 

Floods uboiv. 6 metrrs (19.6.C J r t )  irz tht. S c h i r  ut Piiris, 16.j:)-1:11$. 

Feet. 
February, 1653.. ............................................ 98.9 
Januarv, 1910.. ............................................. 37.9 
December, 1.7-IO. ............................................ 25. I) 
January. 1650.. ............................................. 35.5 
February, 1649.. ............................................ 25.3 

Fa. 
March, 1711 .................................................. 24.9 
April. 1690.. ................................................ 24.6 
January, 1SO ................................................ 24.2 
June, 1697 .................................................. 23.9 
March. 1,944.. ........................................... L. ... 22.9 
February. 1764.. ............................................ 22. G 
February. 1799- ............................................. 22.6 
Blarch. 1751 .................................................. 21.9 
March. 17P1 .................................................. 31.9 
BIarrh. 1POi .................................................. 21.9 
Fehriiary. 1679. ............................................. 21.5 
March. 1 ~ 6  ............. .:. .................................. 21.3 
June. 1693.. ................................................ 21.3 
Decemlier. 1P36. ............................................ 81.0 
March. 1,917 .................................................. 30.8 
Deceniber, 1401.. ........................................... 30.3 
Fehruary, 1784.. ............................................ 20.3 

From t,he record of the Seine floods, the following 
inference mag be drawn. In  a long series of observa- 
t.ions t,he nuniber of eat floods er century is sub- 
st,nnt.ially the same. $e int,ensit,-j-, Rowever, varies from 
one ce.nt,ury to another, and there a pars to be. a ten- 
dencv to occur in groups rat.her t 7 1a.n singly and at  
widely sepnrn ted int.ervals. The int.erva1 in yea.rs 
bet,ween great, floods does not seem to bear any relation 
t.0 thc in tensit.y of successive floods. 

In  passing, i t  should be not.ecl that, three ext,raordinary 
floods occurred nt Pn.ris in the s ace of nine years-1649 

was always much greater. 
to 1658-whereas in t,he succeec P ing ccnturies the int,erval 

RIVERS OF GERMANY.* 

In entaral, river gagings for Gernian rivers are not 

teent,li century. The record for t.he ninet~eenth century, 
however, seems t.0 be coniplet,e. 

Tlw iVtcihr.-Tiie highest water of the ninet,eent,h 
century on t,he Necknr was reached in t,he year 1Y34, 
with n gage hei ht  a t  Dietleshc+n of 1,074 centimeters 
above zero. Otker important floods on that river during 
t,he same century, arrangtd in the orclcr of their magni- 
tude, were: 

December. 18S3. ............................................. 845 
March, 1S45 ................................................. 804 
February. lS5O ............................................... 780 
August., 1551 ................................................ 717 
February, 1863 ............................................... 711 
January, 1834 ................................................ 705 
March, 1896 ................................................. 589 

In all, S gryt  floods. 
T7ic Mmn ~t Frar~X:fur*b.-The highest wat.er of the 

ni1iebecnt.h century was reached a t  Frankfurbon-Main 
in hfnrch, 1S45, gage height, 72s cent.imeters; othw 
floods were : 
December. 1SS3 ... : ............................................ 728 
November, 188'3 ................................................ 706 
February, 166'2 ................................................. 648 
Febrnnry, 1876.. ............................................... 632 
February. 1850 ................................................. 610 
March, 1831 ................................ : .................. 610 
January, 15-11 .................................................. 553 

In  all, 8 great floods, as on t,he Neckar. 
The Rhirie cct Cobhz-The greatest floods of t.he nine- 

teenth century in the Rhine a t  Coblenz were in March- 
April, 1555, November-December, 1 S S 2 ,  and December- 
January, 1SS2-S3 ; gage height.s, 020, 913, a.nd S34 centi- 

availa.de, 7 escept for n few localities! before the nine- 

centimeters. 
18? 4 ......................................................... 1,074 

C'en tlmet ers. 

e Manuel Hydrolo-ic UP rlu Rash De La Seine, Paris, ISYI. 
1 New York Tin& !an. 3, I Y W  

8 Der Rhrinrtrom: naden C'mtnl Rurmii Fur IIeteoroI. und IIydrognphk, Berlin, 
18LtD. 
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meters, respectively. 
were: \ 

Ceniimeters. 
December, 1819 __..._._______.__ _ _  _ _ _ _ .  _ _ _ _ .  _ _ _ _ .  .. _ _ _  .. . ..-__. S31 
March, 1844 ................................................... 811 
March, 1876 . ._________________..____.__.__.___._.___.. . . . - -_. .  811 
November, 1824 ................................................ 7‘30 
February, 1862 ................................................. i s 7  
December-January, 1833-34. _. . . -. . -. . -. - ~ -. . . . . -. . . . -. . . . - -. . . - 774 
March, 1855 (ice flood) .___. . - -. . . - -. . . . . -. . . -. . . . . . . -. . . . -. . -. . 655 
March, 1896 ..__.__..__.___.._____._____.__.___..._...._...._.. 

I n  the ca.rly cent.urirs ostrnorclinary floods in t,he 
Rhino nt Cologne are said t.o ham occui-recl LS follows: 

Ot.lier floods in t.he same century 

- 

In ~iinimer of 1342’. 
In February, 1374 (ice free). 
In sinter of 1425. 
In 1433 (ice flood, 1,033 centimeter@?). 
In winter of 1490-91. 
In simmer of 1491. 
In minter of 1497-98 (ice free). 
In January, 1552. 
In March. 1563. 
In March, 1565. 
In March. 1571. 
In March, 1573. 
In March, 1585 (6S4 centimetern). 
In January, 1651 (ice flood, 053 centimeters). 
In March, 1651 (937 cent.imet.em). 
In March, 1658 (949 centimeters). 
In March, 1740 (ice flood, 953 centimeters). 
In January, 1758 (790 centimeters). 
In February, 17S4 (Ice flood, 1,263 centimeter@). 

This list contains a reference to 19 great floods, of 

absolute inaxiinuiii flood a t  Colome for the nineteenth 
century, it is notecl that  1)ut two Roods in 190 years wcrc 
mreater, viz, tlioso of Ja.niiary, 1’755, and Fchruary, 17x4. 
h e  last named, with a gage height of 12.6 iiieters above 
zero of the gage, sceiiis to havc bwn  blie greatest flood 
on the Rliine a t  Cologne during t,he period 131’3-1900. 
It was,. however, an ice flood, and iiiust therefore he 
placed in the category of winter floods iiiteiisifiecl by ice 
c.onditions. 

which the probable ga e heights of 8 are p. com- 
paring these gage heig a t,s with the gage ieight of the 

DIBCIJSSION. 

By ROBERT E. IIORTON. 

IUy Ietler.) 

I have found, as I stated ab the meet,ing, n similar 
constancy bet,w-een the ninsinium and t,he aperage pre- 
ci itation per rainfall dil.y, a t  numerous stations in the 
d i t e d  States, re nrdless of wlint, the mean annunJ pre- 
ci itation might %e. I lim-e also fount1 the fre uency 
o P occurrence of large amounts of rain per rninfa 1 1 day, 
of large t80t.al a.mount,s in iiidi~-idual st.orms, and of lnrgc 
aniounts in short-time int,errnls, ns for esnni ,le,, 5 t.o GO 
minutes, and in many cmcs the frequenFy o ? oc(xirreiice 
of nmxinium floods niny till he very sa.tisfac t,orily reprc- 
seiit,ed by an esprcssioii of the form: 

!!! =*.l-l)e--cp . @a 

in which 61 is tlie magnitude of an event linving average 
internal of occurrence t ,  and @a is the average mrrgnitutle 
of the event. The frequency curre for the det,ermina- 
tion of the consttints in the formula is rery readily 
derived by sim Iy nrmngjng the cve~its in their o r 1 . 1 ~ ~  of 

the chservations. 1701- esiimplc, thc grc~!:csl, fliioil 01)- 
scrwd in a 50-year rtwrci is tnkcii tis hiiviiig t i n  :i\-crnge 

magnitude, a.nc 7 computing the averngr interuds from 

recurrence internal of 50 years, the serond weatest 25 
years, etc. Now, the peculiar aclva.nt,age of ths method 
of study scems to be that whereas masiniuni events do 
not occur wiitli sufiicierit frec uency so that their average 
int.errtijs of rccurreiicc can IL :rccurately determineci or 
cstiniatetl from n coiisitlern.t.ion nf the masimum alone, 
t.his method of plot,t.ing m c l  st,ucly makes i t  possible to 
derive n. curve R ~ C I  usunlly :1. very good one, based mainly 
on ererits of t.he same lrintl, of much more frequent 
occurrmce. In ot,lier words, the law of frec uencp is 
det,crniinctl mainly from e-i-cnt.s well below t t ie masi- 
niuni. A peculinritv of these curves is that they nre 
pracbica.Ily never p;irnholic. They can not be repre- 
sent>etl by st,riiight lines on logarithmic cross-scct,ion 
mpcrq nor by tlircc t plotting on semiloga.rithmic paper. 
bonsec ucntly they are not or3iiisry logtirithmic curves, 
ns 1 4  I er assumes in deriving his flood formula. They 
are, however, well represented by an espressioii of the 
typc ii.hove given. It will bo noted t,hat t,liis espression 
q,pronches a linii t of t,lie value of $1 = CI. ns tlie recurrence 
interval t nppronchcs infinity: in other words, it leads to 
the conclusion that most nntural events clepenclent on 
rainfall cn.n be represcntrtl by frequency curves approacli- 
ing n ccrtniii masimum ~ a l u c  tis :in asrni tote, and the 

sible t.u tlct.erniine the posi tioii of the ii.hsolu be masiiiium 
or liniit,iiig value wit11 consic-lrrnhlc nccuracy, and with- 
out plncing any g e n t  dcpendence on mengrr ohserve- 
tions of 1-nlucs near t,lie ninsimum. 

The fact t,lint bliere is a masinium flood stnge for tiny 
ivcii s t,renni wliicli is navcr triuisceiidetl seems apparent. 

!!he cause of this pli.ysjcal linii tntkm of livtlrologic event8 
clcprnrlciit on riiinfn.11 is alsn npparciit. Actunlly, it  
semis t.0 inc, thrt t- thr c:i.usi!s coli tribut~ing to ?ood m a p i -  
tudes nro sn tliwrae :iiicl nuincrous tliiit th i r  opern.tmi 
niiiy he, for prncticnl purpows, consitlcretl fortuitous,. in 
a. particular sense, just as the cmses which determine 
&ich particular face of n (lice will come uppermost are 
so numerous tiiid complicat,ecl that the sctunl result is 
what we call “ a  result of chance.” Rut there is a limit 
in both cnses. In throwing a clice, the highest number 
Gliich can be thrown is 6. B better illustration is ob- 
tnined I J ~  considering tllie eil’ect of throwing to-ether 
several (lice, say 100. The greatest number whi& y t m  
]>ossibly be thrown is (3011. The c.hn.nce of throwing 
other numbers less t,liirn 600 is not, howevrr, equal, 
because there a.re iiiuny ways in which some smaller 
numbers may bc t,lirown, wliereus tlirre is only one com- 
biiintion tlin 1, proiluccs GOO. 

YiiiiiIarly, in the ciifie of floods, the conibina tioii of 
causes which citii roclucc an absolute masimum flood is 
very much more {mi tetl tlinn the number of cornbina- 
tiois wliicli cnn produce nn ori-Iinnry flood; in fa.ct, i t  
seems t,o me t,hn t the occurrenc~ of incressing mngiii- 
tuclcs of such ewii6s is essentitillv of the nature of n 
plicnomen on of eshnus tion. The larger the magnitude, 
or the greater its tlepnrture from the average magnitude 
of 61ie event, the greater is thc clifficulty of its occurrence. 
The tlifficulty of occurrence, to use t t  nontechnical ex- 
prcssion, of a n  event) of large magnitude np a.rently 

nitucle ini*rivtsc~s in tin nritlimetical progression. In 
other wor~ls, t,he law is similar to onlinnry laws of cs- 
hnustjioii npplyiiig t.1, rnrious physical phenomena. 

Thjs n.ff nrila a. se!riiirnt.ionnl r!splaiint,ion of flood €re- 
qucnry formula, as nbovo giwii. Num as t,he tluratioii 
of :I rt!rnrtI incrtmcs, tho iiitisiniuni event, or ma.gnit.ucle 
iiicrc:isrs :ipprowhing t.he h i t ,  and the mernge value of 

niet,lioci of plotting wliic~i I hnvc describec r makes i t  pos- 

incrcnst‘s in about a geomct,ric progression as t P ie mag- 
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the event approaches the true mean as a limit,. Since 
the two values are constant, their ratio is constant for a 
given stream; in other worI~s, the ra.tio 41 t.0 a - 
proaches a constant limiting value as the duration of t P ic 
record increases. 

Now, for different streams in the same region, tlie 
causes which operate to produce floods operate in tlie 
same way, but in different deorees both for different 
streams, and for different flooas of the same stream. 
Apparently an condition which tends to increase the 

about the same degree, consequentsly the limiting values 
of the ratios of t f ~ ~  to may be very nearly the same for 
different streams in the same region. 

maximum floo B stage increases the average flood state in 

THE RELATIONS OF WEATHER AND BUSINESS.’ 
By ARCHER WALL DOUQLAS, Simmons Hardware Co., St. Louis. 

[Excerpts.] 

robably will be for generations, 
the main business of t i s  country and the main founda- 
tion of its continuing welfare. Agriculture is largely 
dependent upon the weather for it.s results? especially in 
those sections and States west of the Mississippi River, 
where the annual preci itation sometimes varies froni 10 
inches to 30 inches. O%viously, any intelligent and rea- 
sonably accura.te long-distance forecast of the robability 
of weather happenings will be of incnlculad value to 
the business world in such States and sections, sccing 
that all business in such regions hangs largely upon t,he 
results of agricultural product.ion. * * * Such a fore- 
cast, in the present state of our knowledge of t.he weat.her 
can not possibly be abso1ut.el-y a.ccurate, ss everyonc 
would certainly, even though unrensond)ly, e s p c  t it  
to be. * * * 

[Some attempt a t  such n forccast] has been essayed by 
the committee on statistics of the Chamber of Comnicrce 
of the United States, as set forth in their two bulletins, 
“The Relations of Business and Weather in Relation to 
Rainfall” and “ I n  Relation to Temperature” [1919]. 
The general niethocl followed in this investigation, ex- 
tending over a long number of ycars, concerned it(se1f as 
much with personal travel and study in every section of the 
country as with niero analysis of figures. For instance, 
the observer learned that, two most import,ant features of 
the effects of drought upon growing plants, especially corn, 
in the Great Plains States are as to whether such droughts 
were marked by the resence or absence of exceedingly 
hi h tenzperatures am s hot winds. * * * 

%he basis of the two bulletins of the coimiittee on 
statistics is [that] tlie weather has a tendency to recur in 
the wa of the extremes of heat and cold, rainfall, and 
tlie lac% of it. Also, in coninion with niost other things 
in nature, that the same kinds of seasons have a teni1enc.y 
to flock together in the way of the association of dry 
years with dry years and wet ears with wet years for a 
coniparatively brief period. Tiere are unespected escep- 
tions to this tendency, but in an espcrieiice of d iiuniber 
of years this general statement has proved t80 be fairly 
reliable for business urposrs in from 75 to SO per cent 
of the time-which o P course is rather better than guess- 
ing or trusting to that rather absurd law of averages in 
such a case, or consulting the wishbone of the goose or a 
local almanac. * * * So it  was perfectly iniiiiat.erin1 
for the purposes of practical business, whether the theory 
proved mat~hemat.ically correct when it iitdicat,ed, some 
months in advance, the mild open weat.lier of t,he winter 

Agriculture is, and 

of 1~18-1919 Rnd the wet spring and summer of 1919 for 
the localit of St. Louis and vicinity; also the compara- 
tirely cnlc 9 er autumn of 1919 ns compared with the sim- 
ilar period of 1918. 

[In the southern Great Plains. which for tm.0 or three 
pears previous to 1919 suffered from severe drought, and 
111 the northern Great Plains, where a loiig drought ended 
in the fall of 1919, i t  is rensonnble to espect relatively 
favorable conditions in 1920.1 

Let us consider tlie value of a possible forecast of the 
weather, some months hence, in relation to the sde of 
what are known as seasonable goods, namely, goods 
which sell only at certain seasons and then because of tlie 

Lawn mowers, 
!or example, in wet weather because grass grows best 
then, and rubber hose naturally sells best in dry weather. 
These goods have to be-made up by the manufacturer and 
contracted forb the distributor niany months in advance 

weather be wet or dry very seriously affects the sale of 
both of the lines. How, suppose a distributing house 
handling both lawn mowers and ruhber hose wished to 
find out in Bugust, 1918, about how they should order 
these goods for tlie coniina season of 1919 compared with 
tlieir sales in the season 07 1918 just past. The tiieorp I 
h a w  spoken of forecnst very definitely a wetter spring 
and summer in 1919 than in 1915 in the vicinity of St. 
Louis, and tl:at is esactly what happened. Now, suppose 
this sanie house wished to know in February, 1919, what 
kind of an autumn and winter 1919-20 would prove, as 
to temperature and snowfall, as coniprecl with tlie similar 
senson of 191s-19, as affecting the sales of ice skates a.nd 
snow sliowls. The theory answers, a somewlmt colder 
nut.unin and winter and ratlicr more snow. Now, these 
iiiciclmts arc the storics of actual 1:appenings. It needs 
only a little tltought to have you realize ttie far-reach- 
ing henetit to business of any systeni of weatlxr forecast- 
ing which will indicate, if only approsimately, what kind 
of weather may be espected in t!ie near future. * * * 

Prof.A. EDozCghss called attention to tlie fact that the 
recent droug!lt in tlie soutliwest wras the worst since 1531. 

Mr. L4. IV. Doughs showed that the climate in tlie 
southwest has not ci:anwd, hut that after two or t h e e  
yeais of unusual rninfnfi a dry year may beexpected. 
Busincss iiieii in that region, howcvcr, hn\-e gone on pre- 
p r i n g  for iiiore wet years. 

P y f .  J. 1Vanl.re.n. Smit7~ mentioned that a tdmlation of 
35 winters in Ohio have indicatccl, as Mr. Douglas had 
)oint,ed out, that the general character of a winter could 
kc determined by I~rohnbility. 

Prof. H. J. Cox said that the studies uf Mr. Douglas are 
rather more of probalAities tlian meteorology, and in- 
quired if there IS any reason to suppose t!:at a warni 
wint,er will follow a wwiii one. 

Dr. C‘. F. Brooks rcplicd that these changes in the char- 
acter of the winter are controlled by centers of action, 
and if, in turn, tlirougli such studies as those of ocean 
temperatures, tlie general forecasting of the location of 
such cent,ers of nc tion can be ac.coniplisl:ed, the general 
character of the season can be fcrccnst with more basis 
tli an simple prob aldity . 

Us.. Z? L. West remarlied that the prospective purchaser 
of a water power plant in Uta11 inquircd concerning the 
relation of the rainfall of the last 10 pears to tlie 35-year 
nienn and found that it, had hem 25 per cent in escess 
of nornial, wliereupon lie was soniewhat skeptical re- 
pnrdina Lis purcli ase, since tlx succeeding years would 
proha.kxy lint yield so much wnt,cr power. 

.,. 

revalence of certain kinds of weather. 

of tlieir actua 9 use by the consumer. Whether the 

DISCUSSION. 


